The national average yield of maize is by far lower than the world average yield. Plant density is one of the factors that affect yield. Therefore, knowing the appropriate agronomic practices are paramount importance to maximize maize production in Ethiopia. A field experiment was conducted under rainfed conditions in 2015 and 2016 during the main cropping season at Haramaya to determine the effects of inter and intra row spacing on growth, yield components, and yield of hybrid maize varieties. The experiment consisted of the factorial combinations of two hybrid maize varieties ("BH-661" and "BH-QPY-545"), two inter-row spacing (65 and 75 cm) and three intra-row spacing (25, 30 and 35 cm) in a 3 × 2 × 2 factorial in a randomized complete block design experiment with three replications of each treatment combination. Aboveground dry biomass yield and grain yield were influenced by interaction effect of inter row spacing, intra row spacing and year. The highest aboveground dry biomass yield (31.36 t•ha −1 ) and harvest index (47%) were obtained for varieties BH-661 and BH-QPY-545 in 2016 and 2015, respectively. The highest aboveground dry biomass yield (31.29 t•ha −1 ) and grain yield (11.67 t•ha −1 ) were obtained in the combination of 75 cm × 25 cm in 2016 cropping season. Therefore, it can be concluded that optimum inter and intra row spacing combination in the study area for the maximum grain yield was 75 cm × 25 cm for both varieties under adequate amount and regular distribution of rainfall.
Introduction
Maize (Zea mays L.) is a member of the grass family, Poaceae. Maize is one of the most important cereal crops in the world. It ranks third in world production after wheat and rice [1] . Ethiopia is the fourth largest maize producing country in Africa, and first in the East African region in terms of production [2] . In view of its high demand for food grains and high yield per unit area, maize has been among the leading food grains selected to achieve food self-sufficiency in Ethiopia [2] . The major maize producing regions in Ethiopia are Oromia, Amhara, and Southern Nations Nationalities and Peoples' Regional State (SNNPRS) [3] . The 2017/18 Meher season post-harvest crop production survey indicated that at the national level, 16 .79% (about 2,128,948.91 hectares), of the land area was covered by maize and production of grain was about 27.43% or 83,958,87.24 tons with an average yield of 3.9 t•ha −1 [4] . Maize is the second important cereal crop in area coverage and production following sorghum, but first in productivity among the cereal crops in East Hararghe Zone [4] . Maize covered an area of about 43,078.05 ha; production of grain was 110,612 tons with an average grain yield of 2.57 t•ha −1 in the Zone [4] .
Even though maize has multiple purposes and high yielding potential, the national average yield (3.67 t•ha −1 ) in general and the zonal yield (2.57 t•ha −1 ) are low [4] as compared to developed countries' average yield which is about 6.2 t•ha −1 [3] . The low productivity of maize is attributed to many factors such as poor agronomic practices like inappropriate seed rate, row and plant spacing, poor soil fertility, drought, insects, diseases and weeds, farmers' limited access to fertilizers, and low access to seeds of improved maize varieties [5] . Plant density is one of the factors that affect yield by influencing yield components such as the number of ears, the number of kernels per ear, and kernel mass [6] . Moreover, grain yield of maize is more affected by variations in plant population than other members of the grass family because of its low tillering ability [7] . Therefore, plant density and arrangement of plants in a unit area greatly determine resource utilization such as light, nutrients, and water; it affects the rate and extent of vegetative growth and development of crops particularly that of leaf area index, plant height, root length and density, yield and yield components, development of important diseases and pests, and the seed cost [8] . Because of this discrepancy, the establishment of required plant density is essential to get maximum yield since high plant density will deplete soil moisture and nutrients before the crop's maturity, whereas low plant density will leave nutrients unutilized [9] . Hence, optimum density will lead to the effective utilization of soil moisture and nutrients, etc. [9] . Optimum plant density for maximum grain yield per unit area may differ from hybrid to hybrid because of significant interactions between hybrids and densities [10] . However, in Ethiopia, maize spacing recommendation of 44,444 plants•ha −1 (75 cm × 30 cm) has been used indiscriminately for a long time without taking into account the numerous morphological differences that exist among maize varieties as well as the existence of soil and climatic differences [11] . So it is important to determine the optimum plant density for maize hybrids depending on environmental factors (soil fertility, moisture supply) and agronomic management practices to get maximum yield [12] . In southern Ethiopia, a field experiment showed that varieties "BH-140", "BH-QPY-545" and "BH-540" gave the highest grain yield (9.9 t•ha −1 ) at 65 cm × 25 cm spacing as compared to 75 cm × 30 cm spacing (7.2 t•ha −1 ) [13] . Previous studies commented that the information on forming suitable plant density for each maize cultivar is one of the key factors for planning maize density to get maximum yield.
Therefore, the objective of this study was to determine the effect of inter and intra row spacing on growth, yield components and yield of maize hybrids.
Materials and Methods

Description of the Experimental Site
The experiment was conducted for two consecutive seasons (2015 and 2016) under rainfed conditions during the main cropping season at Raare, the research farm of Haramaya University. The site is located at 9˚26'N latitude and 42˚03'E longitude at an altitude of 1980 m above sea level. The rain distribution of the area is bimodal describe the months of the two seasons. The total amount of rainfall for the cropping season (May to October) in 2015 was 549.2 mm with the mean maximum and minimum temperatures of 25.6˚C and 13.2˚C, respectively. The total amount of rainfall during 2016 cropping season was 628.6 mm and the mean temperature was 22˚C. The soil of the experimental site is a well-drained deep alluvial with a sub-soil stratified with sandy clay loam texture.
The experiment soil consisted pH 7.84, organic carbon 1.96%, total nitrogen 0.12%, available P9.94 mg•kg −1 , CEC 25.98 cmol (+) kg −1 [14] (Figure 1 ). 
Description of Experimental Materials
The maize hybrids used for the study are described below in Table 1 . 
Treatments and Experimental Design
The experiment was conducted using factorial combinations of two maize hybr- 
Management of the Experiment
After the land was well prepared, then two seeds per hole were sown in mid-May. All phosphorus fertilizer dose in the form of triple super phosphate (TSP) at the recommended rate of 100 kg•ha −1 (46 kg P 2 O 5 ha −1 ) and half of recommended rate of N-fertilizer in the form of Urea 189 kg•ha −1 (87 kg N ha −1 ) were applied uniformly to all plots by band application method at the time of planting and the remaining half of N-fertilizer was applied as of 50 days from sowing. Thinning to a single plant per each hill was done when seedlings produced three to four leaves. All other agronomic practices were applied uniformly as recommended for the crop.
Data Collection and Measurements
Growth Parameters
Leaf area per plant and leaf area index was recorded at 50% milk stage by measuring the leaf length and maximum leaf width of three leaves (top, middle, and bottom) per plant from five randomly taken plants from each net plot, the average of the three leaves was multiplied by the total number of leaves per plant and the area was adjusted by a correction factor 0.75 (i.e. 0.75 × leaf length × maximum leaf width) as described by [17] . The leaf area index was determined as the ratio of leaf area per plant divided by the respective ground area occupied by the plant. Plant height was measured from ten randomly pre-tagged plants from the net plot area and then their height was measured from the soil surface to point where the tassel starts to branch with a meter rod at physiological maturity. Ear height was recorded from ten randomly pre-tagged plants from each net plot area and measured their ear height from the ground level to the node bearing the top useful ear with a meter rod at physiological maturity.
Yield Components and Yield
Stand count was recorded from the net plot area after thinning and at harvest.
The final plant stand percentage (final plant stand counted at maturity/population established after thinning × 100) of the respective treatments was used to determine the stand loss due to competition. Number of ears plant −1 were taken from ten randomly pre-tagged plants in the net plot area, and then their ears were counted at harvest and the average was recorded. Ear length was recorded from ten randomly taken ears from the net plot area and measured from the point where ears attached to the stalk to the tip of the ear with a glass ruler after harvest and the average was recorded. Ear diameter was recorded from ten randomly taken ears from the net plot area, and then their diameter was measured at the middle of ear with caliber ruler. The mean was recorded as ear diameter. Number of kernels ear −1 were recorded by multiplying the total number of rows per ear and the number of kernels per row from five randomly taken ears in the net plot area after harvest and the average was recorded. Thousand kernels were counted from randomly taken ears after shelling by using kernel counter (Contador CE). Then, thousand kernels weight was recorded from weighed thousand kernels using sensitive balance and adjusted to 12.5% moisture level. Above ground, dry biomass yield was weighed after entire plants harvested from the net plot area, weighed using field balance (Salter Model-235), and recorded biomass yield at harvest. Grain yield from the net plot area was weighed using field balance (Salter Model-235) and adjusted to 12.5% moisture, finally, it was converted into hectare. Harvest index was calculated as the ratio of grain yield to the total aboveground dry biomass yield per plot × 100.
Statistical Data Analysis
All collected data were subjected to analysis of variance by using GenStat statistical software Release 15 [18] . For significant treatment effects, the mean separation was made using the Least Significance Difference (LSD) test at 5% level of significance.
Results and Discussion
Growth Parameters
Leaf Area Index
Leaf area index was significantly (P < 0.01) affected by three way interactions (variety × inter ×intra). Therefore, a combined analysis of variance depicted that the maximum leaf area index (5.32) was obtained from variety BH-QPY-545 at closer inter (65 cm) and closestintra (25 cm) row spacing, whereas the minimum leaf area index (3.18) was attained from variety BH-661 at wider inter (75 cm) and widestintra (35 cm) row spacing ( Table 2 ). The possible reason for the highest leaf area index for variety BH-QPY-545 at the narrowest inter and intra-row spacing might be due to more number of leaves produced owing to (Table 3 ). This discrepancy might be due to a more even rainfall distribution recorded in 2016 cropping season, which resulted in taller plants and ear length. reproductive growth [25] . On the other hand, the maximum number of ears per plant in variety BH-QPY-545 might be due to the difference in the genetic makeup of two hybrids for this trait. This result was in conformity with those of [19] and [26] who observed that the number of ears per plant was significantly affected by plant population densities and variety. The interaction effect intra row spacing and year had a significant (p < 0.05) effect on number of ears per plant. The highest number of ears per plant (1.85) was produced where plants were sown at a widest intra row spacing (35 cm) in 2016 cropping season, while the lowest number of ears per plant (1.44) was produced in the same intra row spacing in 2015 cropping season ( Table 5 ). The result showed that number of ears per plant revealed increasing trend as intra row spacing increased from 25 to 35 cm in 2016 cropping season but in 2015 cropping season this trend did not occur ( Table 5 ). The higher number of ears at the widest intra-row spacing in 2016 cropping season might be due to adequate rainfall (was it high or the distribution was good? or both) that resulted in higher number of ears per plant at wider intra row spacing. Similarly, [27] and. [21] reported that wider-spaced maize plants obtained more soil moisture and nutrients than narrower plants that led to having a high number of ears per plant than narrow spacing. [25] also reported that with decreasing of plant spacing from 30 cm to 15 cm, the number of ears per plant was significantly reduced from 1.42 to 1.21 possibly due to more competition for light, aeration and nutrients and consequently enabling the plants in closer spacing to undergo less reproductive growth.
Yield Components and
Ear Length (cm)
The main effect of varieties had a significant (p < 0.01) effect on ear length while the other effects were not significant. Accordingly, higher ear length (16.71 cm) was produced from variety BH-661 while shorter ear length (14.77 cm) was produced from BH-QPY-545 (Table 5 ). Variations in ear length observed might be due to maize hybrids could have different varietal characteristics for this trait.
This result is in line with the findings of [28] and [29] whore ported that variations in ear characteristics of maize depend upon genotype and environmental conditions. [30] reported a significant difference among the varieties of maize on ear length. [27] also reported that the longest ear length (18.87 cm) was found from hybrid 31 R 88 and followed by 30 Y 87 (17.52 cm).
Ear Diameter (cm)
The main effects of variety and year had significant (p < 0.01) effect on ear diameter, whereas other effects were non-significant where higher ear diameter (4.45 cm) was obtained from variety BH-661 variety BH-QPY-545 ( Table 5 ). The possible reason for observed thicker ear diameters for variety BH-661 might be due to large kernel size for variety BH-661 as compared to variety BH-QPY-545.
In line with this result, [31] reported that ear diameter was differed according to hybrids and the thickest ears (4.9 cm) were obtained from Pioneer 3223 and the thinnest one (4.4 cm) was obtained from DeKalb 711. Similarly, [32] revealed that the thickest ear diameter (4.5 cm) was obtained from SC-504 hybrid and the thinnest ear diameter (3.8 cm) was attained from a DC-370 hybrid. The ear diameter also differed in a different growing season where thicker ear diameter (4.49 cm) was produced in 2015 cropping season than in 2016 (4.16 cm) ( Table  3 ). 
Number of Kernels per Ear
Thousand Kernels Weight (g)
Thousand kernels weight is a major yield component that has an essential role in determining the potential yield of variety [27] . Three-way interaction of variety × inter-row × year had significant (p < 0.05) effect on thousand kernels weight.
In 2016 cropping season variety BH-661 gave the highest thousand kernels weight (448.8 g) at wider inter-row spacing (75 cm), while the lowest thousand kernels weight (268.8 g) was obtained from variety BH-QPY-545 in 2015 cropping season at closer inter-row spacing of 65 cm (Table 6 ). This result indicated that variety BH-661 was more efficient to convert solar radiation and other growth resources into economic yield as compared to variety BH-QPY-545 due to its long grain filling period or late maturity. The higher thousand kernels weight at the wider inter-row spacing might also be due to availability of more resources (light, nutrient, water) for comparatively less number of plants, which they utilized efficiently to produce bigger kernels. In agreement with this result, [33] reported that thousand kernels weight is more stable than the other yield components, variation in kernel size influences kernel yield and it reacts differently to alteration in the post-flowering source-sink ratio throughout seed filling. Likewise, [34] suggested that the shorter grain filling period might have contributed to a decrease in thousand kernels weight. Thousand kernels weight is a trait, which is more dependent on the genetic characteristics of varieties, and it is less affected by environmental factors [24] .
Aboveground Dry Biomass Yield (t•ha −1 )
Combined analysis of variance revealed that interaction effect of variety × year as well as inter × intra row spacing × year had a significant (p < 0.0) effect on aboveground biomass yield. The highest aboveground dry biomass yield (31.36 t•ha −1 ) was recorded for variety BH-661 in 2016 cropping season whereas the lowest aboveground dry biomass yield (20.19 t•ha −1 ) was obtained from variety BH-QPY-545 in 2015 cropping season ( Table 7 ). The higher aboveground biomass yield for variety BH-661 could be due to its tallness as well as its late maturity the variety had a better chance to utilize more nutrients and more photosynthetic activity, which ultimately resulted in higher biomass production. In fact, both varieties gave significantly higher aboveground dry biomass yield in 2016 cropping season than in 2015 cropping season. This difference might be possibly due to the presence of better total amount and seasonal distribution of rainfall in 2016.
Significant disparity also depicted in the three-way interaction of inter × intra row spacing × year. Accordingly, the highest aboveground dry biomass yield (31.29 t•ha −1 ) was obtained at wider inter (75 cm) and closest intra (25 cm) row spacing in 2016 cropping season while the lowest aboveground dry biomass (19.35 t•ha −1 ) was attained at wider inter (75 cm) and widest intra (25 cm) row spacing in 2015 growing season ( Table 8 ). The highest aboveground dry biomass of variety BH-661 at 65 cm inter-row spacing might be due to the presence of high number of plant stand per unit area and the late maturity of the variety that took more days to maturity and, hence had a better chance to utilize more nutrients and more photosynthetic activity, which ultimately resulted in higher biomass production. This result was in line with [33] 
Harvest Index (%)
Harvest index is the physiological efficiency of a plant for changing the total dry matter into economic yield [36] . Harvest index was significantly (p < 0.05) affected due to interaction effect of variety × inter-row spacing. Therefore, the highest harvest index (47%) was obtained from variety BH-QPY-545 in 2016 cropping season while the lowest harvest index (36%) was attained from variety BH-661 in 2015 cropping season ( Table 7 ). The highest harvest index for variety BH-QPY-545 could be due to the fact that variety BH-QPY-545 had effective utilization of growth factors like moisture, nutrients, light, and space when there is adequate rainfall resulted in high photosynthesis activity and thereby to high partitioning of photosynthate into grain yield as compared to variety BH-661 due to less mutual shading effect. Likewise, the presence of small leaf size, fewer numbers of leaves, and relatively thin stalks in variety BH-QPY-545 might be a reason for low above-ground dry biomass yield that might have resulted in highest harvest index. Generally, both varieties revealed significantly higher harvest index in 2016 cropping than in 2015 cropping season which could be due to the presence of better amount and distribution of rainfall in 2016 cropping season. In agreement with this result, [38] reported that the harvest index varied significantly among different cultivars of maize. Moreover, [39] found that harvest index of the early maturating hybrid maize was higher (41.3%) than the mid (40.3%) and late (30.1%) maturities of maize hybrids at 40 cm inter-row spacing, due to the late maturing maize hybrid might have produced more bio-mass yield than the grain yield.
Conclusion
Developments of recommendations for appropriate inter and intra row spacing for each variety are important agronomic practices to increase the productivity of maize. The results depicted that the main effect of variety had a significant effect on almost all parameters of maize hybrids. A number of kernels per ear was significantly affected by the main effect of variety and year. Therefore, a higher number of kernels per ear (537.4) was recorded from variety BH-QPY-545 as well as a higher number of kernels per ear (538.8) was obtained in 2016 cropping season. Interaction effect of variety, inter-row spacing and year, had a significant effect on thousand kernels weight. The highest thousand kernels weight (448.8 g) was found from variety BH-661 at wider inter-row spacing (75 cm) in the 2017 cropping season. Aboveground, dry biomass yield and harvest index were significantly influenced by the interaction effect of variety by year. The highest aboveground dry biomass yield (31.36 t•ha −1 ) and harvest index (47%) were obtained for varieties BH-661 and BH-QPY-545, in 2016 and 2015 cropping seasons respectively. Interaction effect of variety by inter-row spacing had a significant effect on grain yield. Accordingly, the maximum grain yield (11.09 t•ha −1 ) was obtained from variety BH-661 at a closer inter-row spacing (65 cm)and interaction effects of inter × intra row spacing × year had a significant effect on above ground dry biomass yield and grain yield. The greatest aboveground dry biomass yield (31.29 t•ha −1 ) and grain yield (11.67 t•ha −1 ) were obtained in the combination of 75 cm × 25 cm in the 2016 cropping season. Besides, the interaction effect of variety × inter-row spacing had also a significant effect on grain yield. The greatest grain yield (11.08 t•ha −1 ) was obtained from the variety BH-661 at closer inter-row spacing (65 cm). Therefore, from this study, it can be concluded that variety BH-661 and BH-QPY-545 gave better grain yields at 75 cm × 25 cm combination in the study area.
